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5 METHOD OF POWER STEERING HOSE ASSEMBLY DESIGN AND 

ANALYSIS 

BACKGROUND OF THE INVENTION 

10 

1 . Field of the Invention 

The present invention relates generally to 
computer-aided design and, more specifically, to a 
method of power steering hose assembly design and 
15 analysis for a power steering system in a vehicle. 

2 . Description of the Related Art 

A consumer's purchase decision regarding a 
product is influenced by both subjective and 

20 objective perceptions of the product. With respect to 
a product such as a vehicle, and in particular an 
automotive vehicle, the consumer perceives interior 
quietness as a desirable feature. To satisfy this 

consumer preference, it is advantageous for a vehicle 

25 designer to identify and minimize a potential source 
of noise, vibration or harshness (NVH) early in the 
design process. 

A known source of noise within the interior 
of the vehicle is from a hydraulically-assisted power 

30 steering system. The power steering system includes 
a power steering pump that initiates a pressure 
ripple, which interacts with a hydraulic circuit and 
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propagates throughout the power steering system as 
fluid-borne noise. Various noise reduction 

techniques are used to minimize the noise of the 
power steering system. For example, an attenuation 

5 device such as a flexible tuning cable is disposed 
within a power steering hose assembly, and in 
particular a high-pressure power steering hose 
assembly. The flexible tuning cable relies on a 
process of destructive interference to attenuate the 

10 pressure ripple. Through a series of reflections, the 
tuning cable induces a 180° phase difference in the 
pressure ripple, that ultimately reduces the 
amplitude of the pressure ripple. Advantageously, 
the length of the cable is adjustable to vary the 

15 attenuation ability of the tuning cable. 

Another example of a noise reduction 
technique is structural damping, whereby the hose 
assembly length is increased so that any expansion of 
the hose wall assists in absorbing the energy from 

20 the pressure ripple. In addition, the hose reduces 
the wave speed in the fluid, thus shortening the 
pressure ripple wavelength and increasing the 
effectiveness of the tuning cable. 

While these noise reduction techniques work 

25 well, it is advantageous to predict the NVH 
characteristics of the power steering system, and the 



effectiveness of a noise reduction technique, early 
in the design process. In the past, the NVH 
characteristics of the power steering system, and in 
particular the power steering hose assembly were 
predicted using a combination of analytical, 
empirical, or experimental methodologies. An example 
of an experimental methodology is trial and error 
using a physical model. However, this methodology 
type is time consuming and costly. An example of an 
analytical methodology is a model of the power 
steering system represented by a set of equations 
resulting in a closed form solution. A closed form 
solution is an exact answer to a given set of 
equations. However, as power steering system models 
become increasingly complex, due to the nonlinear 
nature of the system, the complexity of the solution 
also increases. Therefore, analytical tools are not 
easy to use and are frequently constrained to 
analysis of simplified geometry and material 
properties. Thus, there is a need in the art for a 
method of power steering system hose assembly design 
and analysis that accurately and rapidly assesses the 
NVH characteristics of the system, including transfer 
loss, fluid flow characteristics, system vibration, 
and airborne noise prediction. 
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SUMMARY OF THE INVENTION 

Accordingly, the present invention is a 
method of power steering hose assembly design and 
analysis for a power steering system in a vehicle. 

5 The method includes the steps of selecting a design 
for a power steering system from a database stored in 
a memory of a computer system, wherein the power 
steering system includes a power steering hose 
assembly having a noise attenuation device, and 

10 generating a mesh model of the power steering hose 
assembly from the power steering hose assembly 
design. The method also includes the steps of 
selecting a predetermined characteristic of the power 
steering system for a predetermined operating 

15 condition of the vehicle, performing an acoustic 
analysis on the mesh model of the power steering hose 
assembly using the predetermined characteristic and 
determining an acoustic response of the power 
steering hose assembly from the acoustic analysis. 

20 The method further includes the steps of determining 
a noise transmission loss across the power steering 
hose assembly using the acoustic response, 
determining whether the transmission loss meets a 
predetermined noise criteria and modifying a design 

25 parameter for the power steering system if the 
transmission loss does not meet a predetermined noise 
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criteria or using a power steering hose assembly 
design and analysis if the transmission loss does 
meet a predetermined criteria. 

One advantage of the present invention is 
5 that a method of power steering hose assembly design 
and analysis for a power steering system in a vehicle 
is provided that uses numerical analytical tools to 
quickly evaluate noise, vibration and harshness 
characteristics of a design for the system. Another 

10 advantage of the present invention is that the method 
utilizes a numeric finite element analysis technique 
to rapidly predict the NVH characteristics of a power 
steering hose assembly design. Still another 

advantage of the present invention is that the effect 

15 of modifications to a power steering hose assembly 
design on the NVH characteristics can be assessed 
quickly. A further advantage of the present 

invention is that a method is provided that reduces 
design time and related expenses. Still a further 

20 advantage of the present invention is that a method 
is provided which enhances informed decision making 
regarding subsequent designs in light of NVH 
performance objectives . 

Other features and advantages of the 

25 present invention will be readily appreciated, as the 
same becomes better understood, after reading the 




6 

subsequent description taken in conjunction with the 
accompanying drawings . 



BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG. 1 is a block diagram of a system which 

may be utilized with a method of power steering hose 
assembly design and analysis, according to the 
present invention . 

10 FIG. 2 is a perspective view of a power 

steering system for a vehicle, according to the 
present invention . 

FIG. 3 is a fragmentary view of a power 
steering hose assembly for the power steering system 

15 of FIG. 2. 

FIG. 4 is a flowchart illustrating a method 
of power steering hose assembly design and analysis, 
according to the present invention, for the power 
steering system of FIG. 2. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENT (S) 

Referring to FIG. 2, the design of a power 
steering system 30, and in particular the design of a 
power steering hose assembly 42 for use on a vehicle, 
25 is achieved according to the present invention with a 
generic, parametric driven design method. 
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Advantageously, this method allows flexibility in 
design of the power steering hose assembly 42 and 
engineering analysis of the design in a fraction of 
the time required using conventional design methods, 

5 since the design is automatically evaluated against 
rules in a knowledge base. Various computer-based 
tools are integrated into a single user interface to 
achieve this enormous time and expense savings , 
including solid modeling, parametric design, 

10 automated studies and a knowledge-based engineering 
library . 

Referring to FIG. 1, the tools 10 used by a 
method of power steering hose assembly design and 
analysis, according to the present invention, are 

15 illustrated graphically. The tools 10 include a 
knowledge-based engineering library 12 stored on an 
electronic storage device (not shown) . The 
knowledge-based engineering library 12 includes 
design, engineering, and assembly rules for a power 

20 steering system 30, including the power steering hose 
assembly 42. In this example, the knowledge-based 
engineering library 12 is a database of sub-libraries 
containing an electronic representation of various 
expert' s knowledge of information relevant to the 

25 design of the power steering hose assembly 42. For 
example, the knowledge-based engineering library 12 



includes a component parts library containing a 
database of various types of pumps 38, lines or hoses 
40 available for use on the power steering system 30. 
The knowledge-based engineering library 12 may also 
5 provide interactive access to other web-based 
libraries . 

The tools 10 also include a vehicle 
platform library 14 stored on the electronic storage 
device. The vehicle platform library 14 is an 

10 electrical representation of a vehicle platform or a 
portion thereof. For example, the vehicle platform 
library 14 may include a model of a particular 
vehicle body design, or a portion thereof such as a 
steering column. It should be appreciated that the 

15 vehicle platform library 14 may be a sub-library 
within the knowledge-based engineering library 12. 

The tools 10 may also include various 
design tools 16, which can be used for this design 
method 20, in a manner to be described. These design 

20 tools 16 may include solid modeling and parametric 
design techniques. Solid modeling, for example, 

takes electronically stored vehicle design data from 
the vehicle platform library 14 and power steering 
hose assembly data from the knowledge-based 

25 engineering library 12 and builds a complex geometric 
system that can be used for NHV characteristic 
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analysis. Several modeling programs are commercially 
available and generally known to those skilled in the 
art . 

The parametric design technique is 
5 frequently used in the electronic construction of a 
geometrically defined vehicle component. It should be 
appreciated that the power steering hose assembly 42 
may be paramet rically modeled. As a particular 
dimension or parameter is modified for a particular 

10 feature of the power steering hose assembly 42, the 
computer system 22 is instructed to regenerate a new 
geometric model. The knowledge-based engineering 
library 12 is used to control and limit the design 
process in accordance with predetermined design 

15 parameters . 

The tools 10 also include various computer- 
aided engineering (CAE) analysis tools 18. One 
example of a CAE analysis tool 18 is a finite element 
analysis software program, such as NASTRAN, SYSNOISE, 

20 or ABAQUS. Another example of a CAE analysis tool 18 
is a visualization software program. Finite element 
analysis provides an acoustical analysis of the NVH 
characteristics of the power steering hose assembly 
42. The finite element analysis program receives as 

25 an input a data file containing a mesh model of the 
power steering hose assembly 42 and predetermined 
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conditions , as in known in the art. The output from 
the finite element analysis may be presented visually 
using the visualization software program. 

The tools 10 further include the computer 
5 system 22 as is known in the art to implement a 
method of power steering hose assembly design and 
analysis 20, according to the present invention. The 
computer system 22 includes a processor and a memory 
24a, which can provide a display and animation of a 

10 system, such as the power steering hose assembly 42, 
on a display device such as a video terminal 24b. 
Parametric selection and control for the design can 
be achieved by a user 26, via a user interactive 
device 24c, such as a keyboard or a mouse. The user 

15 26 inputs a set of parameters and set of instructions 
into the computer system 22 when prompted to do so by 
the method 20. The set of parameters and the set of 
instructions may be product specific, wherein other 
data and instructions non-specific to the product may 

20 already be stored in the computer system 22. 

One example of an input method is a pop-up 
window with all current parameters, including an on- 
line description for the parameter and a current 
value therefore. For example, parametric values may 

25 be chosen from a table within a two-dimensional mode, 
since some vehicle designers prefer to view an 
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assembly in sections which can be laid out on a 
drawing . 

Once the computer system 22 receives the 
set of parameters and instructions from a user 26, 
5 the computer system 22 utilizes a method, discussed 
in detail subsequently, to predict NVH 

characteristics of the power steering hose assembly 
42. Advantageously, the computer implemented method 
of power steering hose assembly and analysis, 

10 according to the present invention, combines all of 
the foregoing to provide an efficient, flexible, and 
rapid design. Further, a data file 28 containing the 
NVH characteristics is an output of the method 20, 
and the data file 28 is available for further 

15 analysis and study. 

Referring to FIG. 2, a power steering 
system 30 for a vehicle (not shown) , and in 
particular a motor vehicle is illustrated. 
Advantageously, the power steering system 30 

20 generates a hydraulic force to assist a driver (not 
shown) in steering the vehicle. The power steering 
system 30 includes a steering wheel (not shown) used 
by the driver to direct ionally control the vehicle. 
The steering wheel is operatively mounted to a 

25 steering column 32, and the steering column 32 is 
operatively attached to a steering gear, generally 
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shown at 34. The steering gear 34 converts the 
directional rotation of the steering wheel to a 
linear motion, to control a drive wheel (not shown) 
of the vehicle. 
5 The power steering system 30 also includes 

a closed loop energy assistance hydraulic system 36 
that generates a hydraulic force to assist in 
operating the steering gear 34. The hydraulic system 
3 6 includes a power steering pump 38 that generates 
10 and controls a hydraulic flow within the hydraulic 
system 36, such as a fixed displacement, rotary vane 
type pump. The power steering pump 38 includes an 
inlet side 38a for receiving a flow of fluid and an 
outlet side 38b for discharging the fluid flow. 

15 Further, operation of the power steering pump 38 
inherently produces a pulse or pressure ripple that 
is transferred via the hydraulic fluid as fluid-borne 
noise. The pressure ripple interacts with the 
hydraulic system to create air-borne noise or 

20 structural vibration in another component in the 
power steering system 30. The resulting noise or 
vibration may be perceivable in the passenger 
compartment (not shown) of the vehicle. 

The hydraulic system 36 further includes a 

25 line 40 or hose that transfers the hydraulic fluid 
within the system. It should be appreciated that a 
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hydraulic hose assembly such as a high pressure power 
steering hose assembly 42 is positioned between the 
outlet side 38b of the power steering pump 38 and the 
steering gear 34. Preferably, the high pressure 
5 power steering hose assembly 42 includes an 
attenuation device (to be described) , to reduce the 
level of the noise prior to reaching the steering 
gear 34. The hydraulic system 36 may include other 
lines 40 to complete the hydraulic circuit. It should 

10 be appreciated that the power steering system 30 is 
known and conventional in the art. Further, the 
power steering system 30 may include other 
components, such as a fluid reservoir 44, and a 
cooler 45 to carry out the function of the power 

15 steering system 30. 

Referring to FIG. 3, the power steering 
hose assembly 42 is illustrated. Preferably, the 

power steering hose assembly 42 is a high pressure 
hose disposed between the outlet side 38b of the 

20 power steering pump 38 and the steering gear 34. The 
power steering hose assembly 42 includes a housing 
46. The housing 46 is made from a flexible material, 
such as rubber. Advantageously, rubber is more 
compliant than steel, and the expansion of the 

25 housing walls assists in absorbing the energy of the 
pressure ripple. Also, by absorbing the energy of 
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the pressure ripple, the housing 46 reduces the speed 
of sound in the fluid, thus shortening the pressure 
ripple wavelength and increasing the effectiveness of 
the attenuation device. The power steering hose 
5 assembly 42 includes a connector 48 located on each 
end of the housing 46 for connecting the power 
steering hose assembly 42 to another component within 
the power steering system, such as the power steering 
pump 38 or the steering gear 34. 

10 The power steering hose assembly 42 further 

includes a noise attenuation device 50 disposed 
axially within an interior portion of the housing 46. 
The attenuation device 50 reduces a pressure ripple 
produced by the power steering pump 38 and 

15 transferred via the hydraulic fluid throughout the 
power steering system 30. An example of an 

attenuation device 50 is a tuning cable. The tuning 
cable 50 is a flexible cable made of a material such 
as steel. One or both ends of the tuning cable 50 

20 are supported within the housing 4 6 by an attaching 
mechanism 52. An example of an attaching mechanism 
52 is a ferrule and a band, as is known in the art. 

The tuning cable 50 attenuates the pressure 
ripple through destructive interference. Preferably, 

25 the length of the cable 50 is chosen to be one-fourth 
the characteristic wavelength of the dominant pump 
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pressure pulse order. Through a series of 

reflections, the cable 50 induces a 180° phase 
difference in the pump pressure ripple, enabling the 
noise in the power steering system 30 to cancel 
5 itself out. 

Referring to FIG . 4, a flowchart of a 
method of power steering hose assembly design and 
analysis is illustrated. Advantageously, the method 
provides for rapid and flexible modeling of the NVH 

10 characteristics of a power steering hose assembly 42. 
These NVH characteristics include transfer loss along 
the power steering hose, fluid flow characteristics, 
system vibration and modal prediction and airborne 
noise prediction. The method begins in bubble 100 

15 and continues to block 105. In block 105, the 

methodology selects a design of the power steering 
system 30 and the power steering hose assembly 42. 
It should be appreciated that the design can be 
selected from the knowledge-based engineering library 

20 12, or created using a design tool 16 such as 
computer aided design. The methodology advances to 
block 110. 

In block 110, the methodology generates a 
mesh model of the power steering hose assembly design 
25 from the selected design. Preferably, a design tool 
16 such as computer-aided design, is used to generate 
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the mesh model. Preferably, the mesh model 

represents a fluid volume through which the pressure 
ripple travels for acoustic modeling purposes. It 
should be appreciated that since the volume inside 
5 the power steering hose assembly 42 is axial 
symmetric, that is, it has a uniform cross section 
along a central axis, only a quarter of the fluid 
volume need be analyzed. However, the structural 
mesh of the housing 46 cannot be simplified to take 

10 advantage of the axial symmetry. The methodology 
advances to block 115. 

In block 115, the user 26 selects 
properties of the power steering system 30 for a 
predetermined operating condition of the vehicle. An 

15 example of a property is the pressure ripple data at 
the power steering pump inlet 38a and outlet 38b, or 
the structural characteristics of a line or hose 40. 
Another example of a property relating to the power 
steering fluid is material properties for the 

20 density, viscosity, and speed of sound in the fluid 
as a function of temperature and pressure. An 
example of a predetermined operating condition is an 
engine idle vehicle operating condition, since the 
pressure of the power steering fluid at the pump 

25 outlet 38b is high to maintain the operation of the 
power steering pump 38. It has been observed that 
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power steering noise is more noticeable at vehicle 
operating conditions resulting in a higher outlet 
pump pressure. The methodology advances to block 120. 

In block 120, the user 26 selects 
5 properties relating to predetermined characteristics 
of the power steering pump 38 for the predetermined 
operating condition of the vehicle, such as engine 
idle. An example of a predetermined pump 
characteristic is a sound pressure level in the power 

10 steering fluid for a particular power steering pump 
at idle. Preferably, the selected characteristics 
represent operating and boundary conditions for use 
by the analysis tools 18 in a manner to be described. 
The methodology advances to block 125. 

15 In block 125, the methodology performs an 

acoustic analysis on the mesh model using the 
selected boundary and operating conditions for the 
power steering system 30. Preferably, an engineering 
analysis tool 18 such as finite element analysis 

20 (FEA) or boundary element analysis (BEA) is used to 
perform the acoustic analysis. The acoustic analysis 
provides data regarding the sound pressure level in 
the fluid at various locations within the power 
steering hose assembly 42. The methodology advances 

25 to block 130. 
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In block 130, the methodology determines an 
acoustic response at a predetermined location of the 
power steering hose assembly 42 using the FEA 
analysis. The acoustic response indicates a sound 
5 pressure level or noise level as a function of 
frequency. Preferably, a sound pressure level at an 
outlet portion of the power steering hose assembly 42 
is calculated. The methodology advances to block 

135 . 

10 In block 135, the methodology determines a 

noise transmission loss across the power steering 
hose assembly 42. Preferably, the transmission loss 
is determined as a difference between a predetermined 
sound pressure level in the power steering fluid at 

15 the power steering hose assembly inlet, and the 
calculated sound pressure level in the power steering 
fluid at the hose outlet. The methodology advances 
to block 140. 

In block 140, the user 26 analyzes the 
20 transmission loss by comparing a computed peak 
frequency to a predetermined minimum peak frequency. 
Preferably, a lower minimum peak frequency correlates 
with a lower level of noise transmitted through the 
power steering hose assembly 42. The methodology 
25 advances to diamond 145. 
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In diamond 145, the user 26 determines 
whether the peak frequency meets a predetermined 
criterion. If the peak frequency is not acceptable, 
the methodology advances to block 150. In block 150, 

5 a parameter describing the power steering system is 
modified. An example of a parameter relating to the 
geometry of the tuning cable is length, diameter, or 
a location. An example of a parameter relating to a 
boundary condition is power steering pump outlet 

10 pressure. The methodology returns to block 105 and 
continues to evaluate the power steering hose 
assembly 42. Returning to diamond 145, if the peak 
frequency is acceptable, the methodology advances to 
block 155. In block 155, the design of the power 

15 steering hose assembly meets a peak frequency 
criterion, and the design and analysis are available 
for other use. The methodology advances to circle 
160 and ends. 

The present invention has been described in 

20 an illustrative manner. It is to be understood that 
the terminology, which has been used, is intended to 
be in the nature of words of description rather than 
of limitation. 

Many modifications and variations of the 

25 present invention are possible in light of the above 
teachings. Therefore, within the scope of the 
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appended claims, the present invention may 
practiced other than as specifically described. 



